By Surgeon Commander THOMAS BROWN SHAW, R.N., R.N. College, Greenwich.
RHEUMATIC fever, which causes such a large amount of disability not only in the Services but in the civil community, is one of those diseases, gradually becoming fewer in number, the wetiology of which still remains obscure. Some time ago, when -considering further measures for the prevention of diseases in the Navy, I was struck by the sudden fall in the incidence of this disease which occurred in 1921, and this short paper, based on some observations which were made to try to elucidate the cause of this fall, and so ascertain definitely the methods for prevention which we *should use, was written in the hope that it would lead to a useful discussion, and also that other medical officers in close touch with cases of the disease in our hospitals might make further investigations as to its aetiology.
In the statistical reports of the Health of the Navy up to and including the year 1906, cases of rheumatic fever were entered under " rheumatism," a heading which was used in the widest sense and included also chronic affections of the joints and many indefinite cases of muscular rheumatism. From 1907 onwards the disease is -.shown under a separate heading. In that year the case ratio (number of cases per 1,000 men) was 4'77. The year following the incidence was 6'5. This apparent rise in incidence was probably due to the fact that with the introduction of the new nomenclature in 1907 all cases of the disease were not accurately recorded as such, and this assumption is borne out by the fact that during the following years the incidence, although showing slight changes, remained at a fairly constant level until 1921. Table I1 shows that the incidence of the disease increased slightly up to and including the year 1910, after which there is a very gradual fall until 1915. But the most striking fact in this table is the marked fall in the incidence of the disease in 1921. In 1915 the number of cases per 1,000 men was 6'3; in 1921 it was 2W28.
When this marked fall in the incidence of rheumatic fever was noted, the incidence of chronic rheumatic diseases for several years was examined in order to see whether -these affections also were diminishing in the same manner. In the Health of the Navy Reports cases of chronic rheumatism are entered under " Diseases of the Organs -of Locomotion," and as the large majority of those diseases are made up from year to year by affections of a rheumatic nature, such as lumbago and muscular, fascial and joint rheumatism, the incidence for all diseases in the group is a useful though not ..accurate guide to the incidence of chronic rheumatism. The incidence of diseases -of the organs of locomotion during the years 1911 to 1921 is shown in Table II . The average incidence from 1911 to 1915 was 14'69 with a tendency to rise rather than fall. In 1915 the incidence was 20'75 in 1921 it was 9 32, representing a reduction of 54 9 per cent. We see, therefore, that with the fall in the rheumatic fever incidence of 63 8 per cent. we have during the same period a corresponding fall in chronic rheumatic infections of 54 9 per cent. The increase in incidence in 1915 as compared with 1914 is probably due to the large increase in the proportion of older men serving in the Navy during the war period.
As has been indicated, the informationi available in the Health of the Navy is not sufficient to separate accurately chronic rheumatism from various other affections entered under diseases of organs of locomotion; but that the fall in incidence of rheumalic infections is a real one is shown further by noting the prevalence of diseases of muscles, fasciae, tendons and bursee, which form one group under the general heading and of which practically all are cases of lumbago and muscular rheumatism. The case ratio per 1,000 for this group for 1914, 1915 and 1921 were respectively 9 7, 15.0 and 5-2.
Rheumatic fever is met with on all stations, but as will be seen in Table III , in which the average case ratios per 1,000 men on the various stations for the years 1909-15 are given, the incidence is highest on the Home station. Those stations such as the Mediterranean, China and East Indies, where the climate generally is equable and warm, show the lowest incidence. Next to the Home station the disease is most frequent on the African station, and that this should be the case is readily understood when we consider that the greater number of days' service on this station are spent at the Cape, where we have a sub-tropical summer followed by a fairly severe winter, and rheumatic diseases are comparatively frequent amongst the shore population. The greater prevalence of the disease on the Home station bears out the belief which is commonly held that rheumatic fever is more common in the British Isles than elsewhere. But in this connexion another factor has to be taken into consideration. The returns from the Home station include those from the boys' and youths' training establishments, which contain a large number of subjects apparently especially susceptible to the disease. When serving in charge of one of the medical sections recently at the R.N. Hospital, Plymouth, I was impressed by the large nurmber of cases of rheumatic fever received from the training establishments of that port; and the figures for the year 1921 show that of the 139 cases of the disease returned from the Home station, sixty-five, or nearly 50 per cent., were returned by two of these training establishments.
Rheumatic fever is important not so much from the actual number of cases and loss in days of sickness to the Service which it entails, but from the heart lesions caused by it and the final invalidings which result. The disease is believed by some to be due to a streptococcus, by others to a micrococcus; but although there can be little doubt that it is caused by infection, the causal organism has so far not been definitely determined, and our preventive measures are directed largely to the protection of the body against dampness and cold.
The relationship of rheumatic fever to endocarditis is too well known to need! discussion. In a large percentage of cases the heart is affected, and the prevention of permanent damage to the valves is our most important problem in the treatment of the disease. In Table IV the incidence of rheumatic fever is compared with the-, numbers invalided out of the Service with organic disease of the heart (M.C.O.)
,during corresponding years. The table shows that, generally speaking, the figures run on parallel lines; a rise in the incidence of rheumatic fever is accompanied by an increase in the number invalided with M.C.O., and vice versa, but we do not see the same striking fall in incidence of the latter between 1915 and 1921 which we find in the case of rheumatic fever.
There can be no question that the virus of rheumatic fever may affect the body and cause endocarditis without producing the signs and symptoms of the disease which we recognize clinically as rheumatic fever. In this connexion also we have to bear in mind those indefinite muscular and joint pains in children and adolescents which we have been accustomed hitherto to regard as " growing pains," and as having no very definite significance. Further investigation may show that these symptoms are frequently an indication of a mild form of rheumatic affection, and as such will require greater attention.
Some connexion between rheumatic fever and tonsillitis and sore throat has long been suspected. Many clinicians believe that a large proportion of these latter affections are " rheumatic" in origin, and it is customary now when investigating heart cases to inquire not only as to a previous history of rheumatic fever but also of sore throat and tonsillitis. Mouth infection generally is probably an important link in the chain of rheumatic infection, and in our measures for the prevention of the disease, this, as we shall see, must be borne in mind. Table V shows the incidence of sore throat and tonsillitis in the Navy during the years 1907-21. 
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I1t will be noted that during the years 1909 to 1913, which show the highest incidence in rheumatic fever, we also find the highest incidence in cases of sore throat and tonsillitis; but there is not the same marked fall in incidence of the latter diseases between 1915 and 1921.
If we analyse the figures further and separate cases of tonsillitis from those of sore' throat we obtain the figures which are given in Table VI . 
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In th'is table the figures in the first column include not only sore throat (inflammation of the palate, fauces and pharynx) but also diseases of the mouth, teeth, and gums, and they bring out the striking fact that whilst, accompanying the marked drop in the incidence of rheumatic fever which we have noted in 1921 we have a sudden fall in diseases of the teeth and gums and sore throat, the incidence of tonsillitis during the same period has actually increased. Although one must be careful in drawing inferences from the figures for one year only, the important fact remains that with a fall in the incidence of rheumatic fever between 1915 and 1921 of 63'8 per cent. we have during the same period a fall in the incidence of " mouth diseases" of 56 per cent., and one may be justified in hazarding the suggestion that. mouth infections have an important bearing in the causation of the former disease. In the Navy during recent years increasing attention has been paid to oral hygiene. The care of the mouth and teeth has been emphasized in health lectures, and the men now seek the dental treatment which formerly was only carried out after much persuasion on the part of the medical officer. Facilities for dental treatment have also increased and the result is seen in the marked fall in the number of cases of mouth infection quoted above.
Infection of the tonsils has been so frequently noted as a factor in the aetiology of rheumatic fever that one hesitates to draw any conclusions from our figures until the incidences of the two diseases are noted further in future years; we have seen, however, that with the steep fall in the incidence of rheumatic fever in 1921 we find no reduction in the incidence of tonsillitis but an actual increase in the disease.
Has the diminution in the disease which we recognize clinically as rheumatic fever been reflected partly in an increased incidence in rheumatic tonsillitis ?
In a report on the prevalence of rheumatic diseases amongst insured persons in England and Wales during the year 1921, issued by the Ministry of Health, support. is given to the view that tonsillar sepsis is an important ttiological factor in the incidence of acute rheumatism. Of patients with acute rheumatism enlarged or septic tonsils occurred in 50 per cent. and in only 2 per cent. of the cases were the tonsils removed. From these findings it would appear that together with a rise in the incidence of cases of infected tonsils we should also find a rise in the incidence of rheumatic fever. But as we have seen, the Naval statistics indicate that the incidence of rheumatic fever is much more influenced by mouth infection than by tonsillitis. As some of the medical officers present may not have had an opportunity of reading the Ministry of Health report referred to above, a few of the more important points contained in it which bear on the subject which we have been considering may be usefully mentioned: Nearly one-sixth of the industrial invalidity of this country is due to diseases classed as "rheumatic," the term being used in its widest sense to include: (1) acute rheumatism (rheumatic fever) and sub-acute rheumatism, (2) muscular rheumatism, lumbago, and fibrositis, (3) diseases characterized by chronic joint changes. The general attack rate for "rheumatism" for the year under consideration (1922) was 27 6 per 1,000 insured persons of both sexes. Amongst the malesalone the incidence was 305. In group (1) corresponding to our entries in the Navy for rheumatic fever, the incidence per 1,000 insured males was about four. Fifty per cent. of the cases in this group had enlarged or septictonsils; and 75 per cent. of all patients with "rheumatism" over 20 years of age suffered from dental sepsis in some form or other. The conclusion arrived at is that dental sepsis, whilst by no means the only causal factor, is a factor of importance in the causation of those forms of rheumatism included in group (2). The opinion is expressed that the traditional association of dampness of houses with all varieties of rheumatism probably rests on a substantial basis. It will be noted that the incidence of rheumatic fever amongst the insured male population on shore during 1922 is considerably less than the average incidence of the disease in the Navy during the years 1909 to 1915 but is much greater than the incidence in the Navy in 1921.
PREVENTION.
Although in dealing with rheumatic fever we are handicapped by the fact that the causal agent of the disease has not yet been determined, it is evident, I think, that oral hygiene must play an important part in its prevention. We must also pay due attention to environmental conditions such as dampness of living spaces, exposures to sudden changes of temperature and so on, which probably act as predisposing causes. In the days of our old wooden battleships when artificial ventilation had not been thought of and leakages with accumulation of bilge water in the ships were of common occurrence, dampness was a serious problem, as we realize. also when we read of the various methods employed by the medical officer of the time to alleviate it. In our modern ships the problem is much simpler. Art. 554, K. R. & A. I., which deals with cleanliness and ventilation, directs that the captain is to use his best endeavours to keep all compartments of the ship dry. Dampness. and excessive air humidity can be readily prevented provided full use is made of the means for ventilation which are now provided and care is taken to clean mess decks and spaces between decks generally, not by flooding with large amounts of water but by washing down with a cloth and soap and a bucket of water as is done in living spaces on shore.
Exposures to sudden changes in temperature can be largely prevented by regulating the temperature of the mess-decks. During the winter months in home waters the temperature of the air in living spaces should not be allowed toexceed 620 F. If care is not taken the mess-decks in winter, crowded wvitb men and lheated by air which has passed through steam heaters, will soon become oppressively close and warm; with the result that liability to chills will be much increased when the occupants go on deck and are exposed to the cold external air. The heating of the air therefore supplied to living spaces must be properly supervised and high air temperature prevented by suitable adjustment of the regulating levers fitted to the steam heaters. In this connexion we may note that in certain occupations where the workers are exposed to marked changes of temperature, as in foundries, the incidence of rheumatic fever is high.
Chills must also be guarded against by the use of clothes suited to the season and the work which is being done. Men must be properly protected against cold winds and rain, and they should be taught in health lectures the dangers of wearing damp clothes. Drying rooms are now available in many of our ships and are an important asset in the prevention of chills. In this connexion, too, we may note amongst general preventive measures "the airing of bedding," a most important. hygienic measure, especially on board ship, where the blankets and mattresses lashed up in hammocks are stowed away immediately after use. Under such conditions a certain degree of dampness in the bedding is inevitable. The dangers of wet clothes and the importance of. airing the bedding are very rigidly emphasized and provided for in the K. R. & A. I.: Art. 552 directs that the captain is to see that (1) men are never allowed to remain in wet clothes nor sleep in wet bedding when it can possibly be avoided; (2) that the bedding is aired once a week when the weather will permit it, each article being exposed separately to the air. The latter is a most important hygienic measure to remember on board ship not only in the prevention of rheumatism but in the prevention of infectious diseases generally.
We have noted the importance of oral hygiene in the prevention of rheumatic fever; all sources of infection from the mouth must be carefully guarded against. As already stated, the proper care of the teeth is emphasized in health lectures, and medical officers should take every opportunity of inspecting the mouths of the men under their care to see that their instructions are being intelligently carried out. Every rating on board must have a toothbrush and we must see that it is used. Lectures on oral hygiene are given now by the naval dental officers attached to naval depots, and all new entries are required to attend these lectures as part of their general instruction.
As it would appear to be established that " rheumatic " infection of the tonsils may occur, every effort should be made, especially in the case of boys and youths in the training establishments, to maintain the tonsils in a healthy condition by frequent medical inspections; chronically enlarged tonsils which have resisted treatment should be removed, and septic foci in others dealt with as required. Sore throat or infections of the palate and fauces must also receive suitable treatment and the mouth cavity generally maintained as far as possible in a healthy condition.
In the case of boys and youths I think we should treat affections of the throat and tonsils more seriously, and in cases where inflammation and pain are present, whether there is a rise of temperature or not, the patient should be put in bed instead of being placed on the attending list, and given a gargle or mouth-wash until the acute signs subside. Boys and youths, also, who come to us complaining of symptoms suggesting growing pains, should not be considered too lightly; such cases should certainly be excused all drills and exercises, and in view of the fact that the symptoms may be rheumatic in origin, we should, perhaps, be acting in the best interests of the patients by giving such cases complete rest in bed, and so perhaps prevent rheumatic infection of the heart.
As we have seen there can be no doubt that chill is a most important factor in the causation of rheumatic fever, and, in the case of boys and youths especially, we must guard against the occurrence of such on the lines already suggested, and which are evident, by every means in our power.
DISCUSSIONT.
Colonel KENNEDY, in discussing the paper from the Armiiy AIedical point of view, said he regretted that, owing to short notice, he had not been able to make as detailed a statistical investigation as he could have wished. His figures were abstracted from the Army Medical Department Reports of 1913 and 1921, the latter being the only one so far published since the war. The available figures for 1914 dealt only with the first seven months of that year. He was unable, therefore, to give a complete set of figures for the Army for comparison with those for the Navy given by Surgeon Commander Shaw in his excellent paper. His remarks would therefore be limited to rheumatic fever, tonsillitis and valvular disease of the heart.
It was a striking fact that the incidence of rheumatic fever in the Army showed a definite fall in 1921 conmparable to that noted in the Navy. The figures for the whole Army at home and abroad were:- 
1-6 ,,
The comparison was still further borne out by the figures for tonsillitis. The incidence for this disease in the whole Army at home and abroad was:- Commenting on the suggested explanation of the decline in rheumatic fever as being the result of oral hygiene, Colonel Kennedy said he was unable to reconcile the deduction that oral sepsis was an emtiological factor of importance in the incidence of rheumatic fever with the well-known prevalence of the disease in ehildhood, and proceeded to give further analysis of figures which brought out other interesting points in epidemiology.
The incidence of rheumatic fever in the United Kingdom compared with the stations abroad, omitting places with small garrisons:- During the period 1904-7 the incidence in South Africa was two to three times higher than that prevailing in the United Kingdom at that time; in Egypt it was just a little higher, and was still relatively so; and in India it was as low as 0 8 per 1,000 as compared with 3'8 and 3W1 in 1913 and 1921 respectively.
These figures threw somiie doubt on the aetiological significance of dalmpness, and favoured the opinion held by some, that bright sunshine, high tenmperature and easterly winds, were important factors, though when the disease had once been established its persistence or relapse was favoured by humidity.
It was pointed out that in assessing the significance of figures for any one year the variability of the disease from year to year must be remembered, and the fact that it tended to appear in modified epidemic form every three or four years.
The The high incidence in the London district was a striking feature, and was difficult to account for, except by recognizing the infectious nature of the disease, and that it bore relation to the well-known conditions under which troops in the London district were accommodated. It was possible that this high incidence in London had some relation to the facts that had been brought out by a study of valvular disease of the heart. Granted that the major cause of valvular disease of the heart in childhood was rheumatic fever, a census of children suffering from the former would give an approximate figure for the incidence of the latter disease. The Board of Education figures for 1912 for the whole country showed that 10-9 girls and 8-2 boys per 1,000 had valvular disease of the heart, while a series of London school children examined by Langmead gave the high figure of 29-3 per 1,000.
The figures for rejection of recruits could be applied in the same way, and brought out interesting poijnts. For the decade 1901-10 the annual number of recruits rejected for valvular disease of the heart varied from 7-3 to 10'9 per 1,000-average 9-closely approximating the Boardc of Education figures quoted above. Incidentally the rejections rose in to 12'89 and 1920-21 to 14'46 per 1,000. By analysing the recruiting figures for the years 1901-10 it was shown that the rejections varied very considerably in different districts, e.g., lowest, 1 per 1,000, in the Channel Islands; highest, 32'4 per 1,000 in the East Riding of Yorkshire; and it was evident that valvular disease of the heart (and presumably rheunmatic fever) tended to be more prevalent in towns, and especially in industrial towns.
Colonel Kennedy, for lack of timie, was unable to enlarge on these poilnts, but he said their significance was obvious, and he closed with a reference to the work of the late Colonel W. S. Harrison, from which he had quoted, and urged that his observationsso unfortunately curtailed-in the bacteriology of rheumiatic fever, should be followed up.
Squadron-Leader E. W. CRAIG (Royal Air Force) quoted figures which showed that the case incidence rate of acute rheumiatism in the Royal Air Force had remainied practically unchanged during the years 1921, 1922 and 1923. The annual attack rate during the period was 0 9 per 1,000 of strength; this figure closely approximated to the rate found amlongst the insured male population by the Ministry of Health in their recent investigation. The figure also closely agreed with statistics from Germany and Norway. During the same period, the case incidence of both tonsillitis and diseases of the teeth and mouth showed a progressiv-e decrease in the Royal Air Force.
As regards dental sepsis as a causal factor, he drew attention to two significant findings in the Ministry of Health report: (1) That dental sepsis appeared to be very frequently associated with all rheumatic diseases except acute rheumatism. and (2) that in acute rheumatismll, records showed a noteworthy absence of dental sepsis in those cases in which, in the absence of tonsillar sepsis or its history, search was made for some alternative focus of infection.
He suggested that as regards (1) the figures only showed that dental sepsis was relatively less frequently found in association with acute rheuniatisni than with other rheumatic conditions. Chills, dampness of dwellings and oral sepsis were recognized as causal factors and were all preventable. He emphasized the importance of: (1) The avoidance of septic conditions of the mouth which arose from mouth-breathinig, enlarged tonsils and adenoids, stomatitis, inefficient mnastication and the presence of constitutional disease which predisposed to the bad formation of teeth. (2) The early detection and promilpt conservative treatment of decayed teeth. (3) The practice of cleanliness of the muouth by the proper use of the toothbrush.
He quoted figures to show that amongst recruits for the R.A.F. the proportion of " dirty" mouths was high, lower amilongst miien under training, and lowest amongst fully trained Imen. Once a lman was taught the necessity and importance of using a toothbrush he paid far mlore attention to the cleanliness of his imouth. He drew attention to the well-known fact that the risk of endocarditis wsas very greatly increased in subsequent attacks of acute rheumnatismii, and he emphasized the necessity of rest and prolonged convalescence during treatmneint.
Surgeon Comimiander T. B. SHAW, R.N. (in reply) said that he should perhaps have meentioned at the conclusion of his paper that the statistics for the Health of the Navy for 1922 were now being worked out, and that he had been able to ascertain a few days ago that the incidence of rheuimiatic fever for the year was 1-95 per 1,000. The incidence of the disease in 1922, therefore, was even lower than in 1921, so that the cause or causes which brought about the reduction in this disease in 1921 were still at work in 1922.
Colonel Kennedy in his remarks, had given a very full account of the incidence of rheumatic fever in the Army, and the figures supplied by him and also by Squadron-Leader Craig, who had discussed the incidence of the disease in the Royal Air Force, should prove most useful in our endeavours to elucidate further the causes of this disabling disease. Of course it was imlpossible for him (Commander Shaw) to conmment upon those figures without closer examination. Although rheumiatic fever was now recognized as an infection, text-books on preventive mnedicine and hygiene gave very little informationl as to its prevention. This discussion had shown that in our measures for the prevention of the disease oral hygiene mlust play an important part.
The very conflicting opinions which existed regarding rheumiiatic fever, mliany of which were indicated by Colonel Kennedy, showed how greatly the subject needed discussion. The Armiiy statistics brought out the interesting fact that the incidence of the disease was high in London and in large industrial towns. This was difficult to explain. In such areas we knew that the incidence of respiratory diseases and also of sore throat was high, and it was believed by somne that rheumiiatic infection imlight be respiratory in origin, and that outbreaks of catarrh were often associated with an increased incidence in rheumatic fever. Although this point was not referred to in his (Coinmander Shaw's) paper it had been considered, and it was found that this supposed connexion of the disease with catarrh was not supported by the Naval statistics. A large percentage of the cases entered under the heading " Respiratory Diseases " was due to catarrh. The average incidence of this disease fronm 1913 to 1915 wsas 61 per 1,000. In 1921 the incidence was 68'24, so that with the fall in rheuimatic fever in 1921 there was a rise in the incidence of catarrh.
